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Danish Patent Application 

Title: Polymer Electrolyte Membrane Fuel Cells 
Inventors: Niels J. Bjerrum^ Li Qingfeng, Hans Aage Hjuler 

S Abstract 

A method for fabricatixig gas dififUsion electrodes and membraae-electrode assemblies is 
piQ vided fbi a high tempes^ature polymo' mmibrane electrolyte fbd eell. With the thefxnally 
resistant polymer, e.g.t polybenamidazole ^BI) as binder, the carbon-si^iported noble 
10 metal catalyst is tape-cast onto a hydrophobic supporting substrate. "When doped widi an 
acid mixture^ electrodes are assembled with an acid doped polymer membrane by hot-press. 
The fiiel cell operates at tenqieratmes up to 200^C with hydrogen-rich fiiel containing at 
least 3 vol% caihon monoxide, compared to the cazbon monoxide tolerance of 10-20 ppm 
level for the Nafion-based polymer electrolyte fliel cell. 

15 
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BACKGROUND OF THE INVENTION 



1. TECHNICAL FIELD 

The present invrntlon Is directed to fabricataon of gas diffiision electrodes and memTnan^- 
electrode assemblies for a high temperature polymer membrane electrolyte fuel cell. The 
fuel cell operates at temp^atuies up to 200^^0 witfi hydrogen fuel containing at least 3 vol% 
carbon monoxide. 

2. BACKGROUND OF THE INVENTION 

In operation of a polymer electrolyte fuel cell an oxygen-containing gas is fed to the 
cathode and a fuel-containing gas (e.g. hydrogen or methanol) to the anode. Hydrogen (or 
methanol) in the anode feed gas is then electrochemically oxidized by oxygen, ferminfi 
water (and carbon dioxide) and generating electricity. 

The currently well developed technology of polymer electrolyte fbel cells is based on 
perfluorosulfonic acid polymer membranes (e.g. Nafion®) as electrolyte. The conductivity 
of this polymer membrane is dependent on the presence of water to solvate the protons 
Scorn the sulfonic acid groups. Consequenfly the operational temperature is limited to be 
below 100*'C» typically 60-9S^C, at atmospheric pressure. 

This is unfortunate because the use of a polymer electrolyte membrane at temperatures 
higher than 100°C is desirable in several ways. The electrode kinetics will be enhanced and 
the catalytic activity will be increased at hi^ier temperatures for both electrodes. Another 
benefit Is the reduced poisoning effect of the catalysts by fiiel impurities e.g. caxbon 
monoxide, which have been known to be very temperatuie-dependent, since CO adsorption 
is less pronounced with increasing temperature. At 80°Ct ttie typical operational 
temperature of a Nation-based polymer membrane electrolyte fuel cell^ fbr example, the CO 
content as low as 20-SO ppm in fiiel steam will result ]n a significant loss in the cell 
performance. As a consequence very pure hydrogen is needed for operation of polymer 
electrolyte fixel cells. 

For applications as a power system for automobiles, the direct usage of pure hydrogen 
eliminates the need to develop reliable on-board chemical processors; however, it fhces 
other hurdles such as conq^act and light-w^ght fiiel storage aiui networic for fliel supply and 
distribution. Instead of pure hydrogen, liquid fhels such as methanol and gasoline/naphtha 
are the most favorable fuel for automobile applications. Methanol, among others, is for tiie 
time being produced in large quantities and is more easily reformed. Although the 
infrastructure for supply of methanol to the car fleet needs to be evaluated, it is believed 
that the development of a methanol infrastructure can be more easily obtained than a 
hydrogen infrastructure. 

On-board processing of these high energy density fUels is also an attractive option to attain 
high vehicle range and short refueling time. For this purpose an on4>oard fUel processing 
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system Is necessaiy in order to convert flie fixel into free hydrogen. During the on-board 
steam reforming ccabon in the fiiel is converted into carbon monoxido by oxidation with 
oxygen from the supplied steam, and hydrogen both from the iiiel and from the steam is 
released as free hydrogen. The refonnate gas contains therefore hydiogea. eaibon dioxide, 
s caibon monoxide, and the residual water and methanol as well Due to the above-mentioned 
CO poisoning efiect, farther purification of the refonnate gas is necessary in order to 
remove CO down to 10 ppm leveL This is carried out by means of a water-gas shift reactor, 
followed by a preferential oxidizer and/or a membrane separatxir. 

10 For a small dynamic load as in a vehicle, the main challenge for the on-board pxocesslng 
system is the complexity, which not only requires increased cost, size and volume, but also 
reduces the start-iqi tame and transient response capacity of die systrai. Such a fijel 
processing system generally covers 40-50% cost of the fuel cell power stack. This can be 
decisively simplified by introducing a CO tolerant polymer membrane electrolyte fuel celL 

15 

Direct usage of methanol will be the ultimate option, since fbe dispensation with the 
complicated gas processors for refibrming and CO removal is veiy mudi desired e^iecially 
for automobile applications. However the technology is far from satisfactioiL One of the 
m^Jor challenges is the anodic catalyst. Although tx/Sxi alloy is still recognized as the best, 

20 it is not sufficiently active, resulting in high anodic oveq>otential loss (ca. 350 mV 
compared to ca. 50 mV for hydrogen) and requiring high catalyst loading of electrode (3.0- 
8.0 mg/cm'). Hie insufficient activity of the anode catalyst is due to the slow kinetics of 
methanol oxidation and die strong poisoning effect of die intermediate q>ecles (CO) from 
methanol oxidation, both expected to be considerably improved by increasing the 

25 operational temperature of DMFC. 

The newest technology in the field is based on polybCTzimidazoles (PBI. Celazole from 
Hoechst Celanese). US patent No. 5,091,087, £dt example, discloses a process for piepariiig 
a microporous PBI membrane. Being sulfonated (see US patent 4,814, 399). phosphonated 

30 ( see US patent 5,599,639) or doped with a strong acid (see US patent 5,525,436 and 
Journal of Electrochemical society Vol 1 42 (1995), L21''L23 ), the polymer membrane 
becomes a proton conductor at temperatures up to 200°C. US patent 5,716,727 discloses 
anotfa^ method for casting the polymer electrolyte membranes direcfly from an acid 
solution. It has been shown that this polymer electrolyte membrane exhibits high electrical 

35 conductivity (Journal of Electrochemical society Vol 142 (1995), L21-L23). low methanol 
crossover rate {Journal of Electrochemical Society, VoU43 (1996), 1233-1239), excellent 
thermal stability (Journal of Electrochemical Sodefy, VoU43(1996), 1225-1232). nearly 
zero wat^ drag coefficient (Journal of Eteetrochemical &>ciefy, VoU43(1996), 1260- 
1263), and enhanced activity for ojQrgen reduction (Journal of Electrochemical Society, 

40 Vol 144(1997), 2973-2982). 

It has been suggested that this polymer membrane be used as electroh^ for friel cells with 
various types of fiiel such as hydrogen {Electrochemical Acta. Vol41 (1996), 193-197), 
methanol (Journal of Applied Electrochemistry Vol26(1996), 751-756), 
45 trimethcxymethane (Electrochimica Acta Vol43(199S), 3821*382S)^ and fbrmic acid 
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(Journal 0/ Eteettoehemicat Society. Vol 243 (1996}. LJ58-LJ60). Besides ihese, this 
polymer electrolyte membrane has also been used for hydrogen sensors (Journal of 
Electrochemical Society, VoU44 (1997). L95'L97j^ electrochemical cJ5)acitor and other 
electrochemical cells (see for example US patent 5.688,613 )* 

5 

In addition to the acid-doped polybeDzimidazole membrane electrolyte, high perfonnance 
gas difEusion electrodes are also key conq)onents for high temperature polymer membrane 
electrolyte fuel cells. However, little efTort has been made so &r hi tills area* conopared with 
odiCT types of fiiel cells sudi as plioq;)horic acid fiiel cells or Na£on-based polymer 

10 membrane electrolyte fuel cells. In the above-mentioned patents about tiie acid-doped FBI 
electrolyte fuel cells, little information about the manufacturing of gas diSiision electrodes 
has been included. There are some indications that those workers use phosphoric acid fuel 
cell electrodes. For example, Wang et al. used phosphoric acid fliel cell electrodes^ 
produced by E-TEK (Electrochimica. Acta, vol41, (1996). 193-197), furflicr treated by 

IS impregnation with the polymers. The authors have also made their own electrodes ftom 
platinum black, with a very high loading of platinum catalyst (2 mg/cm^). In another 
publication, Wang et al. use platinum black (Johnson MatO^) and platlmim-nilbenium 
alloy (Giner Inc.) for manu&cturlng cathode and anode by a filtering-pressing method^ also 
with a veiy high loading of noble metal catalysts (4 mg/cm^) (Journal of Applied 

20 Electrockemistty Vol26(1996). 752-756). 

3 . SUMMARY OF THE INVENHON 

The present invention provides methods for preparing gas difiusion electrodes and 
25 membrane-electrode assemblies for polymer electrolyte fiiel cells operating at temperatures 
up to 200°C. Gas diffusion electrodes were prepared by a tape-casting method with the 
polymer as binder. The gas difAislon electrode is then doped with a mixture of a nonvolatile 
acid and a volatile acid. The membrane-electrode assemblies were then fabricated by hot- 
presstalg the doped electrode onto the acid-doped polymer membrane. The assemblies 
30 pr^ared in this way give good perfi>imance and high tolerance to the fiiel inqnifities e.g.» 
carbon monoxide. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

35 FIG.l. Electric conductivity of FBI menibranes as a fimcdon of dpplxig level at diflfcxcnt 
temperatures. Measurements were perfiiimed at a relative humidity between 61 

PIG.2. Tensile stress of FBI membranes as a fimction of the doping level at different 
temperatures. 

40 

FI0.3. Cell voltage versus current density curves of the high temperature polymer 
membrane electrolyte fixel cell at different temperatures. Electrodes with a platinum loading 
of 0.45 mg/icm*; the FBI membrane at doping level of 6.5/1; oxygen at 1 atm and 200 
ml/min; and hydrogen at 1 atm and 160 ml/tnln. 

45 
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FIG.4. Power output of the higji temperature polymer membiane electrolyte fuel cell at 
different temperatures. Electrodes widi a platinnm loading of OAS mg/an*; die PBI 
m«nbrane at doping level of 6.5/1; oxygen at 1 aim and 200 ml/mln; and lydiogai at 1 abn 
and 160 m]^kin. No humidificatioD fat ether I^drogen or mofgcD. 

F1G.5. CeU voltage versus current density curves of the high temperature polymer membrane 
electrolyte fuel ceU at 190*C. Cathode with platinum catalyst of 0.45 mg/cm» and anode with 
platinum-ruthenium (atomic ratio 1:1) alloy catalyst of 0.45 mg/'cm*; the PBI membiane at 
dopmg level of 6.5/1; oxygen at 1 aim and 200 mlAnin; and hydrogen containing 0 and 3 
10 vol% CO at I aim and 160 mlAnin. No humidification for oxygen but hydrogen containing 
CO is humidified by bubbling throu^ a water bath at room temperature. 

5, DETAILED DESCRIPTION OF THE INVENTION 

15 The invention relates to mediods for preparing gas diffiision electrodes and membrane- 
electrode assembhes for high temperature polymer membrane fhel cells. The hi^ 
temperature polymer membrane has been prepared by a solution casting method and 
thereafter doped with an acid. The fuel ccD based on this technology operates at 
temperatares up to 200«C and tolerates up to at least 3 vol% caibon monoxide in the fiiel 
steam, so tfiat hydrogen-rich gas ftom a fbel refbrmer as weU as medianol can directly be 
used for generation of electricity. 



20 
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For operation of fUel cells the state-of-flic-art gas diflusioa electrode is such that it piovides 
a compUcated interfece between a gaseous reactant, a heterogeneous electrocatalyst. and an 
electrolyte. Two types of electric pathways are provided in Has diree-pliase hiterftce Le 
an ionic conduction throu^ the elecnwlyte and an electronic conduction fluoutfh tfie 
supportuig substrate. Improving the utilization of noble metal catalysts can only be 
achieved by optimizing the microstnicture of the three^hase interftce. sfaice only catalyst 
particutete sinng at the three-phase Interftce is electrochemically active. Tedmically this 
three-phase mterfJwe is achieved by constructing die gas diffusion electrode with a 
nydrophobic polymer and catalyzed carbon powder. 

The hydrophobic polymer used in this invention is fluoiinated hydrocarbon polymen such 
as fluonnated efliylene propylene (FEP) and polytetmfluoroethylene (PTHS). Fibrous 
carbon materials m form of paper or cloth are used as the backing materials. By loading a 
hyA^hobic polymer at a high level this backing is permeable to gas reactants. OntoSis 
hydrophobic backmg a layer of carbon black containing a lower level of a hydrophobie 
poiymCT IS prepared. This layer comprises a mass of tiny supporting particles with smaO 
pores. The s\^rtmg particles can be ftee fiom any noble metal catalysts or with a small 
amount of catalysts. Tie supported catalyst, prepat«d by chemical reduction of noble metal 
toM on caibon supporting materials, is mixed with a soluble polymer. TTiis polymer 
becomes proton-conductive when doped with a nonvolatile solvent The slurry is then 
2?^,2?!^^ s^poiling layer. It will wet the supporting layer and partly pcniate into 
the strwrture. In this way, the supported catalyst is in good contact with the proton- 
conducttve polymer as weH as with the gas-accessible supporting particles. 
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Ffttymer mcffl^rmfi dgfttrplyf^, The selected polyoiers include tixise containmg basic 
groups that can form a smgle-phase electrolyte with thermally stable acids fbr application in 
a solid polymer electrolyte membrane feel cell. Examples of such polymeis are 
polybcn2imida2»les and related femlUes (see e.g., US patents No 4,814,399 and No 
5,525,436). The most preferred is polybenzimidazole (PBI. Celazole®), Le„ the poly 2,2'- 
(ro-phenyIene>5.5'-bibcnzimidazole product, provided by Celanese Acetate, The polymer 
has a glass transition temperatoie of 425-436°C. The polymer powder (-100 mesh) was first 
mxed with dimethylacetamide (DMAc) and contahied in a stainless steel bomb reactor. 
Lithium chloride was added as a stabilizer. Oxygen was excluded fiom the bomb by 
bubbling argon through flie mixture solution. The bomb reactor was then closed and placed 
in a rotating oven at 250°C for 3-5 hours. The solution was then dUuted for the membrane 
casting. 

15 A certain amount of the solution was poured into a glass dish, as described by Fekete et al 
(Pofymer Bulletin, voU9 (1997). 93-99). The majority of the solvent was evaporated in a 
ventilated ovm at 80-120°C In about 50 hours. The membranes were washed widi disdUed 
water at 80"C to remove the residual solvoit and stabilizing salts. 

20 The membranes obtained in this way were doped with a acid of various concentrations. The 
add can be phoqihoric acid or sulftric acid. Doping levels, defined as the molar ratio of tiie 
dophig acid to PBI (repeating unit), depend on the concentration of the acid, toi^erature, 
and duration. With high doping levels, the membranes exhibit high eleclrfc conductivity but 
low mechanical strength (See Pigs. 1 and 2), A proper doping level between 4.5 and 7.0 is 

25 preferred, corresponding to an electric conductivity of 0.03-O.OS S/cm and a tensile stress of 
180-380 kg/cm^ at temperatures around 150°C. 

Carbon-snpporfed nobig metal eatalysii^ 

30 Chloroacids of noble metals from Group Vm of die periodic tabl^ particularly plathumi 
and ru&enium, were first prepared Different types of carbon black of high sur&ce ana 
(typically fiiom 200 to 1000 mVg), either graphited or non-graphited, can be used as 
supporting materials. With help of a surface agent, e.g., acetic acid, the metal ions were 
chemically reduced by a reducing agent selected fix>m. among others, fonnic acid, 

35 formaldehyde, sodium borohydride, etc. The obtained carbon supported catalyst was then 
filtered and washed with distilled water and dried and ground into fine powder. AUoying of 
metals can be prepared by using a miirture sohuion of desirable metal chkroaeids. 



40 



Gas diffusion elef try^lf^iy 



Vanous fibrous carbon materials m form of paper or cloth can be used as die backing 
substrate. It is generally desirable that the materials have low electric xesistance in the 
operational temperature raoge of a fUel ceU, For convenience of tape^casting, carbon fibrous 
paper, for instance, Toray TQp.H-120, was preferred. The carbon material was first wet- 
45 proofed by immersmg in a hydrophobic polymer dispersion, such as fluorinated cdiylene 
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propylene or polyteirafluoroethylene, and fhm dried and sintered at 360''C fbr 20 minutes. 
Ilie loading of Ac hydrophobic polymer is controlled by changing concentration of the 
dispersion. 

A filuxry of uncatalyzed carbon powder with 40% PTFE was prepared and applied on to the 
hydrophobic backing substrate carbon pqpcr to form a supporting layer. After sintering at 
360°C for 20 minutes, this layer is hydrophobic. In addition, this l^er provides a smooth 
surfece of tiny particles and therefi>re prevents the catalyst layer flom cracldng. 

Carbon supported noble metal catalyst, with a weight ratio of the noble metal to carbon 
from 0.1 to 0^ were mixed with a soluble polymer, i.e., polybenzimidazolc solution in 
dimethylacetamide, and applied to the top of the supportiz^ layer on a wet^proofed carbon 
paper. The electrodes were then dried and sintered at 130 - 190*C for 30-180 minutes. The 
concentration of die PBI solution is of importance for the fluidity of the slurry. The loading 
of PBI in the catalyst layer of electrodes is preferably around 0.5 - 1.5 mg/cm'. The 
electrodes made in this way have a platinum loading of OJ^ - 0.8 m^cm^ 

Membranc^Iectrodc assemMtM 

The catalyst layer in the gas difiusion electrodes, as described above, contains die PBI 
polymer component. This polymer needs to be doped with an acid in order to achieve the 
protonic conductivity. This is done wiUi a mixture of a nonvolatile add and a volatile acid. 
The nonvolatile acid is the same acid as used for doping the membrane, Le., either sulfuric 
acid or phosphoric acid. The volatile acid, e.g., trifiuoioacetic acid or acetic acid, is used to 
facilitate the wetting of the dopant solution on the surface of the electrode. The amount of 
the nonvolatile acid used for doping is critical since excessive acid will reduce the 
membrane strength when the membtane-electrode assembly is made by means of hot-press. 
This amount is determined by tbe polymer content In the catalyst layer of electrodes. A 
molar ratio of the nonvolatile acid to the polymer content is preferred in a range from 5/1 to 
20/1. and preferably fiom 10^1 to lS/1. 

Assemblies from the doped electrodes and the doped polymer membranes were made by 
means of hot-press. Temperature, pressure and duration are critical parameters and a set of 
optimal parameters are fijund to be temperature 130-200*C, pressures of 0.3-1.0 bar/cm'. 
35 and a duration of 5-30 minutes. 

Single eel! tests and carbon monoxide telerfttteft 

A single test cell (5 cm") has been built up to perform electrochemical characterizations of 
40 the membrane-electrode assemblies. Graphite plates with gas chaxmels were used as the 
holder. Two aluminium end plates with attached beaters are used to clamp the gr^hite 
plates and coUect current. Temperature is controDed by a controller. Fuel and oxidant gases 
were supplied by means of mass flow controllers. Perfonuance cmves w^e obtained by the 
current step pot^tiometry. Potential values at various current denm'tiea were then taken fiom 
45 chronopotentiometric curves when a steady state was reached. 
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It is wdl known that the Nafion-based membrane electrolyte usualty has a large electxo- 
osniotic drag number. I.e., water moves from the anode side to the cathode side during ceU 
operation, Ksulting In the requiranent of an intensive gas hmnidificaiion to maintain an 
adequate membrane hydration. Hiis, together with operational temperatures near the boiling 
point of water, makes the cell operation very critical with reraert to both water and IhS 
management. 

As a consequence of tlie reported nearly zero water drag coefficient of the high tenqieniture 
polymer membranes, the fiiel cell based on PBI membrane can operate with no 
humidification of the reactive gases, i.e., the intemaUy formed water is enough to maintain 
fbe polymer membrane electrolyte. The ebmination of humidification substantially 
simplifies die constraetion and operation of the polymer fbel cell. 

For evaluating tiie tolerance of the technology to fuel inqiurities, a mixture of 97 voI% 
hydrogen and 3 vol% carbon monoxide was pre-made. Muted gas of otlier compositions was 
obtained by means of mass flow meters and controllers (Bronldiorat, HI-TBC E-5514). It is 
found that the present technology can tolerate up to at least 3 vol% carbon monoxide in the 
hydrogen fbel, i.e., 20,000-30,000 ppm CO compared to 10-20 pnm CO for Nafion-based 
pobnner electrolyte fiid cdls. 

The poisoning effect of platinum cata^^ by oaAoa monoxide has been intensively studied 
by maBy investigators in the field of fbd cells and electiocatalysts (see for example J. 
Electrochenu Soc, 133. IS74 (1986), and J. Electrochem, Soc, 134. 3022 (1087)). These 
stadies have mainly been concentrated on the mechanism of adsoiptian and oxidation and the 
nature of the absorbed species on the noble metal electrodes in various add electro^rtcs. Two 
kinds of adsorption mechanisms have been proposed, ie. die Itnea^ and bridge or multi- 
bonded 00 species. As assumed, the linearly absoibed caibon monoixidB species, -CO, 
involve one adsorption site per CO particle, whilst the bridge or muM-bonded carbon 
monoxide q)ecies, -CO, require two or more ai^'acetit platinum sur&ce sites. Id. Ha case of 
hydrogen oxidation on a caibon-supported platinum gas-difibsion eleettode in the presence of 
carbon monoxide, the poisoning effect is found to depend on the ratio of carbon monoxide 
concentration to the hydrogen concentration, [CO]/[HJ. This indicates that the poisoning is a 
sm^Ie competition widi hyibogen for active sites, since the strong diemisoqjtive bond of the 
carbon monoxide molecule in^ lead to a surfiuM blodkage finm hydngea (»^ 

In the present invention, it is found that the poisoning effect of CO is suppressed by the 
presence of water vapor at temperatures around 200»C. The possible mechanism is the 
chemical and/or elec&xtchemical oxidation of carbon monoxide at the surface of electrode 
catalysts, i.e.. the water vi^jor in the CO-containing fUd steam prefoabfy oxidizes carbon 
monoxide via a water-gas shift reaction wiA help of the electrode catalysts. 

The &ct thai the high temperature polymer membrane electrolyte fiiel ceU can tolerate CO 
2000-3000 times higher than that fbr Nafion-based polymer electrolyte fiiel ceUs, will 
decisively simplify or potentiaUy eliminate the CO removal processors ftom a reforming 
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system. The resulting power system will therefoxe be much more compact, light and cost- 
efSclent with enhanced power density and improved transient perfimnance. This is of 
special importance for automobile applicalions. 

S EXAMPLE 1 

20 grams of 3 wt% PBI solution in dimetbylacetamide were poured into a glass dish of 145 
mm diameter. After drying in a ventilated oven at 8S*C for 30 hours, 100*C for 10 hours, 
and then at I20®C for 10 houiB, the polymer membrane were washed with distilled water at 
10 80**C to remove the residual solvit and stabilizing salts. 

The membrane was thereafter immersed in phosphoric add of conoCDlration SO, 65, 75, and 
90 wt%» respectively. After 15 days at room ten^>eratiire, '^e membrane was doped at 
levels of 3.1, 6.5, 9.8, and 16,1, accordingly. Figiue 1 shows the conductivity of the 
15 membrane as a fimction of the doping level at temperatures of 25 and 150®C, respectively. 
Figure 2 shows the tensile stress of the membrane as a fimction of the doping level at 
temperatures of 25 and 150°C> respectively. 

6XAMPLE2 

20 

On to the wet-proofed carbon backing substrate (Toray pqser TGP-H-120, Toray Ind. Ino.) 
a slurry of 60 wt% carbon powder (Vulcan XC-72, Cabot) and 40 wt% 
polytetrafluoroethylene (PTES) was iq^Iied. The resulting layer was then dried arul sintered 
at 370°C for 20 minutes. This supporting layer is hydrophobic so that it allows access of 
25 reactive gases. As a bridge between the carbon pi^er backing and the catalyst Iqrer this 
layer prevents also the electrode from serious cracking after drying and sinteririg. 

The platinum chloroacid was first prepared by dissolution of metallic platinum in a mixture 
of concentrated nitric acid and hydrochloride acid. The platinum chloroacid was then mixed 
30 with carbon powder (Vulcan XC-72, Cabot). Wth help of surftce active agents die noble 
metal was chemically reduced on the surfiu^ of the carbon powder at 95^C. The obtained 
carbon-supported platinum catalyst (20 wt% Pt) was then filtered, waahed with distilled 
water, dried^ and finally ground into fine powder. 

35 A mixture of 40 wt% WC catalyst powder and 60 wt% PBI ftom a 3 wt% polymer solution 
in dimetbylacetamide was well mixed and applied on to the supporting layer of the carbon 
paper by tape-casting. The platinum loading in the catalyst layer is 0.45 mg^cm^. After 
drying at 130^C fbr 10 minuteSp the electrode was impregnated with a mixed acid of 65 
wt% phosphoric acid and 35 wt% trifluoroacetic add. The amount of impregnated 

40 phosphoric acid is related to the PBI content in the catalyst layer of the electrode, in a molar 
ratioof 14to 1. 

From the impregnated electrodes and acid-doped PBI membranes (doping level 6.5), a 
membrane-electrode assembly was made by means of hot-press at a temperature of 150°C, 
45 a pressure of 0.5 bar/cm2, and a duration of 12 minutes. The assembly was tiien placed in a 

9 
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SI/S S7Sf ^ versus voltage curves at each test temperature were measured 
^ Ae^U pcrfonnmce reached a steady state. Bptb hydrogen and axygta were uiuS 

!?S?C r^T^p-^'^^ l^'^'?'' periimnance curves at temperah^ 150. 170?^ 

190 C, respectively. Fig. 4 shows the power output of the test cen as a fiinctioM 

density at tempeiatuies ISO. 170. and 190-C. i€S^vl ™ of current 
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S'sn «f r*"^^ ^""^y f TGP.H-120. Toiay Ihd. Inc.) a sluny 

£S rai^S S^C^^iSS "^^^ ^ - Wandas 

Mj^^oroacld was first prepared by dissototion of metaUlc platinum in a mixture of 
A^^'V'^** ?^ hydrochloride add. Ruthenium chloride (hydi^wL 
S^IS^l .'t^ "^f"? °f Pl«*inum Chloride and ruthenium chloridl^SS mS! 
atom ratio 1:1 was slumed witti carbon powder fVuIoan XC-% CaWt mu* ^t, ^Ztt 

«Astrate. « the cathode. A mixture of 45 wt% Pt-Ru/C ca^^ potdS^ 55wtSraJ 
£^ 1?^ I't''''***"^ dimethylacetamlde was prepared and'^lied on to tl^ si^^r^ 
^ ^ iJL ° ^f^) " P»«*^^ the catalyst Uywcl 

^r.i!^.**' • for TnLites. the dSoS wL 

unpregnated wdi a mixed acid of 60 wt% phosphoric add and 40 wl% iifluor^^add 

layer of the electrode, being in a molar ratio of 12 to 1 . wwuysi 

From the impregnated electrodes and add-doped PBI membranes (doping level 6 5) a 
f;^^^ A 5^^"'f°*'•y was made by means of hot-press at a t^STS l^or 
test cen^Cdl voltage veiwis current density curves at each measuring temperatare^ 
^^Jf7 T "tS P-Jf™"™ a »te«|y state. Pu«hySI^JS^Srr^ 

"ST* " the fuel gas. Both hydrogScS^ining Ll S 

oxygen are under atmospheric pressure. Fig. 5 shows the performance curve8irtl90»C to 
hydrogen containing 0,1. and 3 vol% carbon monoxide. ™«. curves at iso c ibr 

Altitough tibia invention has been shown and described with respect to detailed 
^bodunjits hereof. It will be understood by those akiUed in the art that maiv variations 
^ ™ form and detail thereof miy be made without departfaijSi the spirit 

and scope offlie claimed invention, nierefoie we claim: u»»pu« 

hi: ?* febricating gas difilision electrodes and membrane-eleetrDde assembUes for 

high temperature polymer membrane electrolyte foel cells comprisfaig the following steps: 
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(A), preparing the carbon supporting substartc by treatment m a hydrophobic 
polymer soluiion 

CB). casting a supporting layer from a sluny, said dlurxy con^rising caxbon 
black, a hydrophobic polymer^ and a solvent as flic temporaxy binder 

(C) . casting a catalyst layer fiom a sluzry» said slnny comprising carbon- 
supported noble metal catalysts and a selected polymer as binder 

(D) . doping the catalyst layer with a mixture of a nonvolatile add and a 
volatile acid 

(E) . and finally hot-pressing the electrodes onto an add-doped polymer 
membrane electrolyte 

2. The high temperature polymer membrane electrolyte fbel cell of claim I comprising a 
gas diffusion cathode for reducing an oxygen-contaiaing oxidant gas, a gas difiusion anode 
for oxidizing a hydrogen-rich fUel gas, and a solid polymer membrane electrolyte* said 
polymer electrolyte consisting of an acid-doped polybenzimidazole membrane. 

3. The high temperature polymer membrane electrolyte fliel cell of claim 2 wherein the 
hydrogen-rich fuel gas may contain at least 3 vol% carbon monoxide. 

4. The high temperature polymer membrane electrolyte fltel cell of claim 2 ^'^lerein the 
oxygen-contaming gas may operate without humidificatxon while the hydrogen-rich fliel 
gas needs to be humidified at room temperature. 

15 S. The high temperature polymer mCTabxane electrolyte fuel cell of claim 2 wherein the gas 
difiusion cathode consiBts of a carbon baddng substarte* a hydrophobic carbon si^orting 
layer, and a catalyst layer. 

6. The gas difAision cathode of claim 5 wlierein the hydrophobic carbon supporting layer 
20 consists of 40-60 wt% carbon black and 60-40 wt% hydrophobic polymer. &brioated by a 

tape-casting method and then dried and sintered 360-3 70°C ton: 10-15 minutes. 

7. The gas difiusion catiiode of claim 5 wherein the catalyst layer consists of 30-55 wt% 
catalyst powder and 70-45 wt% soluble polymer compowsaXs^ fabricated by slurry casting 

25 and then dried at temperatures between 130-180^C fiir 3-15 minutes. 

8. The catalyst l^rer of claim 7 wherein the soluble polymer camprises polybemdzrudazole 
solution in dimethylacetamide. 

30 9. The high temperature polymer membrane electrolyte fliel cell of claim 2 wherein tiie gas 
difiusion anode has the same structure as the gas difiusion cathode described in claims 3-8» 
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the said catalyst powder consistB of 10-20 wt% plattnum'tutlieoiiim alloy and 80-90 wt% 
caiboD black. 

10. The hi^ tempeiaturB polymer membrane electrolyte fiiel ceU of claim 2 wherein tfie 
£88 di£Eusion cathode and anode axe doped with a mixture of acids, said acid mixture 
eon$utm« of 30-70 wt % nonvolatile acid and 30-70 wt% volatile acid. 

1 1 . Hie dopant add of claim 10 wherein the nonvolatile acid is phosphoric add or sulfiuic 
acid and the volatile acid is trifluoioacetie add or acetic ad d. 

12. The dopant acid of claim 1 1 wherein phosphoric add is la a conoentiatian range ftom 5 

v^to 20 wt% and the molar ratio of the acid to the polymer contain 
IS ftom 5 to 20, piefiaably fiom 10-15. 

15 13. The high ten^erature polymer membrane electrolyte fiiel ceU of claim 2 wherein the 
gas difEiuion cathode and anode (daims 3-10) and ibo aeid-dbped polymer membrane 
electrolyte are assembled means of hot-pres^ 

14. The membrane-electrode assembUea of claim 15 wherein the hot-piesa is petfixmed at a 
20 tenperature fiom 130 to 200*C apressura fiom 0.3 to 1.0 bar/cn^, and a dnratlon ftom 8 to 
20 mmntes. 
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